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[57] ABSTRACT

A developing device capable of obviating the cohesion of
toner and reducing the amount of dead toner is disclosed.
The device has a developing unit accommodating a first and
a second screw therein. The first and second screws extend
from the toner hopper to the other longitudinal end of the
developing unit in parallel to a developing roller and a
supply roller. The first screw feeds toner from a toner hopper
to a developing section. The second screw collects toner not
contributed to development from the developing section and
returns it to the first screw for recirculation. In this
configuration, the collected toner and dead toner aggregating
in the lower portion of the developing unit are forcibly
moved to the developing section. The direction in which the
screw portion of the second screw is inclined may be partly
reversed to form a reverse transfer portion. Alternatively, a
part of a casing adjoining the hopper may be implemented
as a slant. The reverse transter portion or the slant recircu-
lates the toner more forcibly.

7 Claims, 4 Drawing Sheets
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DEVELOPING DEVICE FOR IMAGE
FORMING APPARATUS WITH TONER
RECIRCULATION OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a copier, facsimile
apparatus, printer or similar image forming apparatus and,
more particularly, to a developing device of the type having
a developer carrier facing an image carrier for carrying a
latent image thereon, a supply member for supplying a
developer to the developer carrier, a first conveying member
for conveying the developer from a storing section to a
developing section where the developer carrier and supply
member are located, and a second conveying member for
conveying the part of the developer not contributed to
development in a direction opposite to the conveying direc-
tion of the first conveying member.

2. Discussion of the Background

A horizontal developing device is extensively used in the
imaging art and has a developing roller, a toner hopper, and
an agitator arranged in the substantially horizontal direction.
The toner hopper stores toner while the agitator delivers the
toner to the developing roller. However, the problem with
the horizontal developing device is that the sectional area of
the device is greater than that of the image carrier or
photoconductive element. This obstructs the free layout of
the developing device.

In light of the above, Japanese Patent Laid-Open Publi-
cation No. 5-313488. for example, discloses a developing
device having a toner conveying member parallel to a
developing roller and a supply member, and a toner storing
section positioned at the side of the device. Toner is fed from
the storing section to the supply member sideways. This
kind of scheme enhances the free layout of the device and
miniaturizes the entire device even when three or four
developing devices are combined as in a color copier or a
color printer.

Japanese Patent Laid-Open Publication No. 3-180876
proposes a developing device having a supply member
constantly buried in toner in a predetermined amount over
the entire axial dimension thereof, so that a uniform toner
layer can be formed on the surface of a developing roller.
The developing device includes a casing accommodating the
supply member and developing roller. The supply member
has a cylindrical contour and supplies the toner to the
developing roller while in rotation. The developing roller
deposits the toner on the surface of an image carrier. A toner
container is fluidly communicated to the casing. Toner
replenishing means replenishes toner from the toner con-
tainer to the casing. A dam extends in parallel to the axis of
the supply member and divides the casing into a first section
for holding the toner replenished by the replenishing means,
and a second section for holding the toner over flowing from
the first section over the dam. The supply member is
disposed in the first section. Recirculating means is provided
for recirculating the toner overflowing from the first section
from the second section to the first section.

However, in the conventional developing devices
described above, only the toner existing in the operation
range of the supply member, which conveys the toner from
the toner holding section to the developing device, contrib-
utes to development. As a result, it is likely that the toner
outside the operation range is not used in the developing step
and is wasted as so-called dead toner. Moreover, when the
toner is continuously returned from the developing section
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to the storing section, it is apt to sequentially accumulate in
the lower portion of the storing section and obstruct the
following toner. Finally, this part of the toner will cohere and
will not contribute to development forever.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide a developing device for an image forming apparatus
and which is capable of preventing collected toner from
cohering in the lower portion of the device.

It is another object of the present invention to provide a
developing device for an image forming apparatus and
which is capable of reducing the amount of dead toner not
contributing to development and thereby obviating the waste
of toner.

A developing device of the present invention has a
developer carrier facing an image carrier on which a latent
1mage is to be electrostatically formed. A supply member
supplies a developer to the developer carrier. A first con-
veying member is located above a position where the supply
member supplies the developer to the developer carrier, and
conveys the developer from a storing section storing the
developer to a developing section where the developer
carrier and supply member are positioned. A second con-
veying member is located below the supply member and
conveys the developer not contributed to development in the
developing section in a direction opposite to the direction of
conveyance of the first conveying member. A recirculation
mechanism forcibly recirculates the developer by transfer-
ring the developer from the second conveying member to the
first conveying member.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent from the
following detailed description taken with the accompanying
drawings in which:

FIG. 1 is a vertical section of a developing device
embodying the present invention;

FIG. 2 is an external perspective view of the embodiment;

FIG. 3 is a sectional side elevation of the embodiment;
and

FIG. 4 is a sectional side elevation of an alternative
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1 of the drawings, a developing device
embodying the present invention is shown and applied to an
electrophotographic copier by way of example. Assume that
the copier is operable with a nonmagnetic toner. FIG. 2
shows the developing device in an external perspective view.
As shown in the figures, the developing device is disposed
below an image carrier implemented as a photoconductive
belt 20. The developing device is made up of a developing
unit 1, a toner hopper 11 (see FIG. 2) storing the nonmag-
netic toner or developer, and a toner cartridge 12 removably
mounted to the top of the hopper 11. The toner hopper 11 is
connected to one of longitudinally opposite ends of the
developing unit 1 and is fluidly communicated to the inside
of the unit 1. The developing unit 1 has a casing 2 formed
with an opening 2a that faces the belt 20. A developing
roller, or developer carrier, 3 is positioned in the casing 2 and
faces the belt 20 through the opening 2a. The surface of the
belt 20 is moved in a direction indicated by an arrow A. In
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the region where the developing roller 3 faces the belt 20,
1.e., a developing region, the roller 3 is rotated in a direction
B with a predetermined peripheral speed ratio to the belt 20.
The directions A and B are the same as each other as viewed
in the above developing region. A seal member 8 is held in
contact at one end thereof with a part of the surface of the
developing roller 3 downstream, in the direction B, of the
position where the roller 3 faces the belt 20. The seal
member 8 prevents the toner from leaking or flying about. A
supply roller, or supply member, 4 is located below the
developing roller 3 and is held in sliding contact with the
roller 3. The supply roller 4 is formed of foam polyurethane
or a similar elastic material. At a position a where the supply
roller 4 contacts the developing roller 3, the roller 4 is moved
in the same direction as the roller 3, as indicated by an arrow
C in FIG. 1, with a predetermined peripheral speed ratio to
the roller 3. At the position a, the toner is transferred from
the roller 4 to the roller 3.

A blade 8 is held in contact at its free end with a part of
the developing roller downstream of the position a in the
direction B and in the vicinity of the opening 2a. The blade
S is formed of urethane rubber or a similar elastic material
and regulates the amount of toner to deposit on the devel-
oping roller 3.

A screw, or first conveying member, 6 is located down-
stream of the opening 2a, but upstream of the position a in
the direction B. Another screw, or second conveying
member, 7 is positioned below the supply roller 4. As shown
in FIG. 3, the screw 6 1s made up of a shaft 61 and a screw
portion, 62 while the screw 7 is made up of a shaft 71 and
a screw portion 72. The screws 6 and 7 extend in parallel to
the developing rolier 3 and supply roller 4 from one end of
the developing unit 11 where the toner hopper 11 is absent
to the end of the hopper 11. The screws 6 and 7 are
respectively rotated in directions D and E, FIG. 1, in
interlocked relation to and in a predetermined peripheral
speed ratio to each other.

The supply roller 4 contacts not only the developing roHer
3 but also the casing 2. In this condition, the developing
roller 3, supply roller 4 and casing 2 define a toner supply
space 9 surrounding the screw 6, and a toner collection space
10 surrounding the screw 7. A toner drop section 13 (see
FIGS. 3 and 4) is formed at the rear end of the developing
unit 1, as seen in the direction perpendicular to the sheet
surface of FIG. 1 (right end in FIG. 2), and communicated
to the collection space 10. The toner conveyed through the
space 9 drops into the toner drop section 13 and is then
introduced into the collection space 10.

In operation, toner is replenished into the toner hopper 11
from the toner cartridge 12 removably mounted to the
hopper 11. When the screw 6 is rotated in the direction D,
it conveys the toner through the supply space 9 from the
front to the rear, as seen in the direction perpendicular to the
sheet surtace of FIG. 1 (from the left to the right in FIG. 2).
Hence, the toner is deposited on the supply roller 4 over the
entire axial dimension of the roller 4. The supply roller 4,
rotating in the direction B, supplies the toner to the devel-
oping roller 3 at the position a. At this instant, the toner is
charged by friction acting between the rollers 3 and 4. The
toner deposited on the developing roller 3 is regulated by the
blade 5 to form a uniform thin layer having a predetermined
thickness. The thin toner layer develops a latent image
electrostatically formed on the belt 20, contacting or not
contacting the belt 20.

FIG. 3 is a section of the developing device as seen in a
direction indicated by an arrow P in FIG. 1. As shown, the
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toner drop section 13 for transferring the toner from the
screw 6 to the screw 7 is positioned outside of the axial
effective diameter portions of the rollers 3 and 4. The part of
the toner conveyed by the screw 6, but not used for devel-
opment or not deposited on the supply rolier 4, is conveyed
by the screw 6 to the end of the developing unit 1 opposite
to the end where the hopper 11 is positioned. As a result, this
part of the toner drops onto the bottom of the developing unit
1 at the drop section 13 due to its own weight. The screw 7,
rotating in the direction E, receives the dropping toner and
conveys it through the collection space 10 trom the rear to
the front as seen in FIG. 1 (from the right to the left in FIG.
2). Consequently, the toner is collected in the hopper 11 from
the developing unit 1.

In the above developing procedure, by adequately select-
ing the amounts of toner to be conveyed by the screws 6 and
7, 1t 1s possible to feed the toner to the supply roller 4
without resorting to the detection of the amount of toner
present in the developing unit 1 or complicated control over
the amount of toner supply.

A reverse transfer portion 14 is formed at the end of the
screw 7 disposed in the toner hopper 11. The reverse transfer
portion 14 transfers the toner from the screw 7 to the screw
6. Assuming that the screw portion of the screw 7 is formed
in the forward direction, the part of the screw portion lying
in the reverse transfer portion 14 is formed in the reverse
direction. Hence, in the hopper 11, the toner not used for
development and conveyed from a developing section 16 in
the forward direction and the toner returned from the end of
the hopper 11 by the reverse transfer portion 14 in the
reverse direction run against each other around a position
where the forward and reverse portions of the screw 7 merge
into each other. Because the bottom of the hopper 11
underlies the screw 7 and is contiguous with the casing 2, the
two parts of the toner running against each other are forcibly
raised away from the screw 7 into the operation range of the
screw 6, as indicated by arrows in FIG. 3. Consequently, the
toner 1s again conveyed to the developing section 16 by the
screw 6 and joins in the development. This prevents the
toner from cohering in the lower portion of the hopper 11.
This, coupled with the fact that the collected toner is again
used for development, reduces the amount of dead toner
which does not contribute to development.

An alternative embodiment of the present invention will
be described which also avoids the cohesion of toner and
promotes the smooth conveyance of toner. FIG. 4 is a
sectional side elevation of the alternative embodiment, as
also seen in the direction P of FIG. 1. This embodiment is
essentially similar to the previous embodiment except for
that the bottom of the toner hopper 11 is inclined. In FIG. 4,
the same constituent parts as the parts shown in FIG. 3 are
designated by the same reference numerals, and a detailed
description thereof will not be made in order to avoid
redundancy.

As shown in FIG. 4, the bottom of the hopper 11 includes
a slant 15 inclined from one end of the screw 7 to the
corresponding end of the screw 6. For this reason, the screw
7 1s formed shorter than the screw 6 at its end disposed in the
hopper 11. In this configuration, the toner collected by the
screw 7 is raised along the slant 135 into the operation range
of the scrtew 6 and is again conveyed to the developing
section 16 thereby. This prevents the toner from cohering at
the bottom of the hopper 11 and ensures the smooth con-
veyance of the toner in the developing device.

If desired, the slant 15 may be replaced with a curved
surface convex to the outside of the developing device and
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having a smooth inner surface. The curved surface will
convey the toner more smoothly than the simple slant 13.

As stated above, the illustrative embodiment each con-
sumes the toner without wasting it by smoothly conveying
the collected toner and dead toner to the operation range of
the screw 6 and reusing it. While the embodiments have
been shown and described in relation to nonmagnetic toner,
they are similarly practicable with magnetic toner or a
two-ingredient type developer, i.e., a toner and carrier mix-
ture.

In summary, it will be seen that the present invention
provides a developing device having various unprecedented
advantages, as enumerated below.

(1) A part of toner supplied from a developer storing
section to a developing section by a first conveying member,
but not used 1n a developing step, is collected in the storing
section by a second conveying member. The collected toner

is again fed to the developing section by the first conveying
member and contributes to development. While the toner is

so moved in the developing device, dead toner aggregating
in the lower portion of the device and not contributing to
development is forcibly moved. This, coupled with the
collection of the toner, reduces the amount of dead toner not
contributing to development and thereby prevents the toner
Irom being wasted.

(2) A reverse transfer portion 1s formed at the end of the
second conveying member adjoining the storing section.
The toner conveyed by the reverse transfer portion runs
against the toner conveyed from the developing section and
is forcibly transferred to the first conveying member dis-
posed above the second conveying member. The first con-
veying member again conveys this part of the toner to the
developing section. This also achieves the above advantage
(1).

(3) The toner conveyed by the second conveying member
is forcibly raised along a slant into the operation range of the
first conveying member. This part of the toner is again

conveyed to the developing section by the first conveying
member. This further reduces the amount of dead toner and

obviates the waste of toner.

Various modifications will become possible for those
skilled in the art after receiving the teachings of the present
disclosure without departing from the scope thereof.

What is claimed is:

1. A developing device comprising:
a casing;
a developer carrier formed in the casing facing an image

carrier on which a latent image is to be electrostatically
formed;

a supply member formed in the casing to contact the
casing and for supplying a developer to said developer
carrier;

a first conveying member located above a position where
said supply member supplies the developer to said
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developer carrier, and for comveying the developer
from a storing section storing the developer to a devel-
oping section where said developer carrier and said
supply member are positioned, the casing, developer
carrier and supply member defining a toner supply
space around the first conveying member;

a second conveying member located below said supply
member and for conveying the developer not contrib-
uted to development in said developing section in a
direction opposite to a direction of conveyance of said
first conveying member;

a recirculation mechanism for forcibly recirculating the
developer by transferring the developer from said sec-
ond conveying member to said first conveying mem-
ber; and

a reverse transfer member provided on an end of said
second conveying member disposed in said storing
section, and for conveying, in said storing section, the
developer in a direction from said storing section
toward said developing section.

2. A developing device comprising:

a developer carrier facing an image carrier on which a
latent image is to be electrostatically formed;

a supply member for supplying a developer to said
developer carrier;

a first conveying member located above a position where
said supply member supplies the developer to said
developer carrier, and for conveying the developer
from a storing section storing the developer to a devel-
oping section where said developer carrier and said
supply member are positioned;

a second conveying member located below said supply
member and for conveying the developer not contrib-
uted to development in said developing section in a
direction opposite to a direction of conveyance of said
first conveying member; and

wherein said storing section has a bottom including a slant
which is inclined from said end of said second con-
veying member to a corresponding end of said first
conveying member.
3. The device as claimed in claim 2, wherein the first
conveying member is a SCrew.
4. The device as claimed in claim 2, wherein the second
conveying member is a screw.
5. The device as claimed in claim 2, wherein the first and
second conveying members are SCrews.
6. The device as claimed in claim 2, wherein the first and
second conveying members rotate in a same direction.

7. The device as claimed in claim 6, wherein the first and
second conveying members are screws.
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